提携に制限のある協力ゲームにおける凸性の継承 (非線形解析学と凸解析学の研究) by 松井, 知章 et al.
Title提携に制限のある協力ゲームにおける凸性の継承 (非線形解析学と凸解析学の研究)
Author(s)松井, 知章; 黒木, 浩二郎; 森谷, 篤史; 巽, 啓司; 谷野, 哲三

















. , , ,
.
, , .
( ) , ,
,




$[2][3]$ . Bilbao ,
(Feasible Coalition $\mathrm{S}\mathrm{y}\mathrm{s}\mathrm{t}\mathrm{e}\mathrm{m}:\mathrm{F}\mathrm{C}\mathrm{S}$ ) , FCS
$[4][5]$ . , FCS (Partition









. , $S$ $f(S)=1$
, $f(S)=0$ . , $f$ $f$ : $2^{N}arrow\{0,1\}$
. , $[0, 1]$ ,
. $f$ , Bibao
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FCS (graded feasible coalition
system:GFCS) , GFCS .
, GFCS ,
(Graded Partition System:GPS)
. , GPS ,
(Graded Intersecting $\mathrm{S}\mathrm{y}\mathrm{s}\mathrm{t}\mathrm{e}\mathrm{m}:\mathrm{G}\mathrm{I}\mathrm{S}$) , GIS
,
2 GFCS
$N=$ $\{1,2, \ldots, n\}$ ,
$v(\emptyset)=0$ $v$ : $2^{N}arrow \mathrm{R}$ . , $S$ $N$
, $S$ f(S)( :degree of
feasibility) . Bilbao , $S$
. , $f$ (S) $S$ 1
, 0 . GFCS $[0, 1]$ . ,
$v$ .
1GFCS $N$ $S\subseteq N$ $f$ (S) $f$ : $2^{N}arrow$
$[0,1]$ $(N, f)$ . , $f$ (S) .
$f(\emptyset)=1,$ $f(\{i\})=1\forall i\in N$ (1)
$S$ $f$ (S) $h\in[0,1]$ ,
$f(S)\geq h$ $S$ , $h$ 1
Bilbao . $h$
$S$ $F(h)=\{S\subseteq N|f(S)\geq h\}$ . , $S$ $\{T_{k}\}_{k\in K}$
$T_{k}\cap T_{k},$ $=\emptyset(k, k’\in K, k\neq k’)$ $S= \bigcup_{k\in K}T$k , $S$ |J
. , $S\underline{\subseteq}N$ $F$ (h) $P_{F(h)}(S)$
. , $F$ (h) $S$ F $(h)(S)$ .
2(N, $f$ ) GFCS , $(N, v)$ . $h\in[0,1]$
, $f$ $(N, v_{h}^{f})$ $v_{h}^{f}$ : $2^{N}arrow \mathrm{R}$ .
$v_{h}^{f}(S)= \max${ $\sum_{j\in J}v$ (7j) :{Tj}j $\in J$ $\in$ PF(h)(S$)$ }.
2 $v_{h}^{f}$ $v$ (S) ,
.
$v_{0}^{f}(S)$ $=$ $v$ (S)
16
, $S$ GFCS(N, $f$ ) , $v_{h}^{f}$ (S) $h$ ,
$S$ , $f$ (S)
$h_{0}=0<h_{1}<\cdot\cdot 1<h_{l-1}<h_{l}=1$ .
1(N, $f$ ) GFCS , $(N, v)$ . , $S\subseteq N$ . GFCS
$(N, v_{h}^{f})$ $v_{h}^{f}$ (S) $h$ l ,
.
, $S,$ $f$ . $h,$ $h’\in[0,1],$ $h>h’$ , $F$ (h) , $F(h)\subseteq$
$F$ (h’) . , $P_{F(h)}(S)\subseteq P_{F(h’)}(S)$ . , 2
$v_{h}^{f}(S)\leq v_{h}^{f},(S)$ . , $v_{h}^{f}$ (S) $h$ D . , $h_{j}<h_{j+1}$
$h_{j},$ $h_{j+1}$ , $h\in(h_{j}, h_{j+1}]$ , $P_{F(h)}(S)$
, $(h_{j}, h_{j+1}]$ $v_{h}^{f}$ (S.) . , $v_{h}^{f}$ (S) $h$
.
, $f$ $v_{h}^{f}$ (S) $h$ l .
2 .
3(N, $f$ ) GF , $(N, v)$ . $v$ $f$ ,




$\overline{v}^{f}$ 1 , .
$\overline{v}$f $(S)= \sum_{j=1}^{l}(hj-hj-1)v_{h_{j}}^{f}(S)=\int_{0}^{1}v$/(S)dh
$h$ $\overline{v}^{f},$ $v$^f , $\overline{v}^{f}$ ,
h} , . , $\hat{v}^{f}$ ,
$h$ t , . , $h_{j}$ , FCS
$F$ (hj) $h_{j}$ . , ,
$\sum_{j}h_{j}=1$
, . .
1 $N=$ {1,2, 3} , $v$ $f$
.
$f(S)=\{$











3 , $\overline{v}^{f},$ $v$^f .
$\overline{v}$f $(S)=\{$










$S=N$ $\overline{v}^{f},$ $v$^f . ,
.
$\mathrm{v}\mathrm{L}_{1}^{1}’||1.\mathrm{i}|\mathrm{I}\mathfrak{l}\mathrm{I}11i||\mathrm{b}$
1: $:\overline{v}^{f}(N)$ , $:\hat{v}f(N)$
, $\overline{v}^{f}$ (N) $h\in[0.1]$ ,
. , $\overline{v}^{f}$ (N) $h$ l , $\mathrm{A}1$
. , $\hat{v}^{f}$ (N) $f(\{1,2\})=0.8,$ $v(\{1,2\})=60$ ,
. , $\hat{v}^{f}$ (N) $h$ l ,
.
, $S$ $\overline{v}^{f}$ (S), $\hat{v}^{f}$ (S) $f$
. , 2 GFCS $f,$ $f^{*}$
$||f-f*||= \max_{N}|f(S)-f^{*}(S)|s\subseteq$
. : $\overline{v}^{f}$ .









. . . $h_{j-1}^{*}<h_{j}^{*}=h_{j+1}^{*}=$ .. . $=h_{j+k}^{*}<h_{j+k+1}^{*}$ . . $1$
18
. , $f$ $f^{*}$ , $f$ (S) ,
. . . $h_{j-1}<h_{j}\leq h_{j+1}\leq$ . . $\leq h_{j+k}<h_{j+k+1}\ldots$
. , $h_{j-1}$ $h_{j},$ $h_{j+k}$ $h_{j+k+1}$ . , $farrow f^{*}$
,
$h_{j+l}arrow h;$ $=$ .. . $=h_{j+k}^{*}(l=0, \ldots, k)$ (2)
. , 3 , $\overline{v}^{f^{*}},$ $v$-f .
$\overline{v}f*(S)$ $= \sum_{m=1}^{2^{n}}(h_{m}^{*}-h_{m-1}^{*})v_{h^{*}}^{f^{**}}(S)$
$\overline{v}$f(S) $= \sum_{m=1}^{2^{n}}(h_{m}-h_{m-1})v_{h_{m}}^{f}(S)$
, $h_{j-1}$ $h_{j+k}$ ,
$(h_{j}^{*}-h_{j-1}^{*})v_{h_{j}^{*}}^{f^{*}}(S)$ (3)
$(h_{j}-h_{j-1})v_{h_{j}}^{f}(S)+(hj+1-h_{\sqrt}j)v_{h_{j+1}}^{f}(S)+\ldots+(hj+k-hj+k$- vhfj+’(S) (4)
$\not\in\backslash \text{ _{}\backslash }\mathrm{B}^{\rangle}.\check{\mathrm{b}},\text{ }(4)\text{ }\mathrm{f}\mathrm{F}t\mathrm{h}\text{ }(3)\mathfrak{l}_{\vec{\mathrm{c}}\grave{\mathrm{J}}}\mathrm{E}.\supset.<$ .
$\mathrm{f}\mathrm{f}\mathrm{l}\text{ _{}\mathfrak{t}1}\Re \text{ }|^{arrow\ovalbox{\tt\small REJECT}_{\text{ ^{}-}\tau\not\in \mathrm{n}\frac{j}{-}\text{ }\mathrm{B}\mathrm{a}\mathrm{A}}:_{\overline{\mathrm{x}}\text{ ^{}\backslash }}}\text{ }f\mathrm{X}\text{ _{}\check{}}^{-C^{\backslash },F^{*}(h_{j}^{*})=F(h_{j})|^{_{\theta}^{\backslash }}\mathrm{f}\mathrm{f}\text{ },v_{h^{*}}^{f^{*}}.(S)=v_{h}^{f}(S)\text{ ^{}\backslash }\text{ }\not\in \text{ }}\backslash .$
)
$\backslash \backslash \backslash \theta/,$
,
$\text{ }(2)\text{ }farrow f^{*}$
, $\hat{v}^{f}(S)arrow\hat{v}^{f^{\mathrm{r}}}$ (S) .
, $\hat{v}^{f}$ .
2(N, $f$ ) GFCS , $(N, v)$ . $f^{*}$ $S$ ,
1 (1) , $h$
$\hat{v}^{f}(S)$ $f^{*}$ , $f$ .
$f^{*}$ $S$ , , $\hat{v}^{f}$ $f$
$S\subseteq N$ , (1) $f^{*}(S)$
j $h_{1}^{*},$ $h_{2}^{*},$
$\ldots,$
$h_{l-1}^{*}$ . , $h_{0}^{*}=0,$ $h_{l}^{*}=1$ . $f^{*}$ $S$
,
$0=h_{0}^{*}\leq h_{1}^{*}<h_{2}^{*}<\ldots<h_{l-1}^{*}<h_{l}^{*}=1$
. , $f$ $f^{*}$ ,. $f$ (S) , $h_{j}<$
$h_{j+1}$ ($j=0,$ $\ldots,$ $l$ -l) ,
$0=h_{0}<h_{1}<h_{2}<.$ . . $<hl-1<h\iota=1$




. , 3 , $\hat{v}^{f}$*, $\hat{v}^{j}$ .
$\hat{v}^{f^{*}}(S)$ $=$ $\frac{1}{\Sigma_{j=1}^{l}h_{j}^{*}}\sum_{j=1}^{l}h_{j}^{*}v_{h_{j}^{*}}^{f^{*}}(S)$ (6)
$\hat{v}$f(S) $=$ $\frac{1}{\Sigma_{j=1}^{l}h_{j}}\sum_{j=1}^{l}h_{j}v_{h_{j}}^{f}(S)$ (7)
, $F^{*}(h_{j}^{*})=F(h_{j})(j=1, \ldots, l)$ i , $v_{h_{j}^{\mathrm{r}}}^{f^{*}}(S)=v_{h_{j}}^{f}$ (S) . ,
(5) , (7) (6) . , $farrow f^{*}$ , $\hat{v}^{f}(S)arrow\hat{v}^{f}$*(S)
.
1 , $f^{*}(S)$ 1 (1) ,
. , $h$
$\hat{v}^{f}$ $f$
. , $f^{*}(S)=0$ $S$
.
2 $N=$ {1,2, 3, 4} , $\epsilon$ , $v$
$f^{\epsilon},$ $f^{*}$ .







20 if $|$ S$|=2$
60 if $|$S$|=3$
72 if $S=N$.
, $f^{\epsilon}arrow f^{*}$ , $\epsilonarrow 0$ , $\lim_{\epsilonarrow 0}v$
^ $f$ (S) $\hat{v}^{f}$*(S) , $\hat{v}^{f}$ (S) $f$
, $\hat{v}^{f}$*(S) .
$\hat{v}^{f^{*}}(S)=\{$
0if $|$S $|\leq 1$
20 if $|$S $|=2$
33.33 if $|$ S $|=3$
49.33 if $S=N$
, $\lim_{\text{\’{e}}arrow 0}v$^ $f^{e}(S)$ .
$\lim_{\epsilonarrow 0}\hat{v}^{f^{\epsilon}}(S)$ $=$ $\{$
0if$|$S $|\leq 1$
20 if $|$S$|=2$
$\lim_{\epsilonarrow 0}0.5-\epsilon \mathrm{x}60+0.5+\epsilon \mathrm{x}60+20$ if $|$S $|=3$
$\lim_{arrow 0}0.5-(\begin{array}{l}0.5-\epsilon 7\end{array})(0.5-\epsilon)+(0.5+\epsilon)+1\epsilon \mathrm{x}2+\cdot 5+\epsilon \mathrm{x}60+20+0.5+)+1$ if $S=N$
$=$ $\{$
0if $|$S $|\leq 1$
20 if $|$S$|=2$
40 if $|$ S $|=3$
43 if $S=N$
20
, $\lim_{\epsilonarrow 0}v$^ f $\epsilon(S)\neq\hat{v}^{f}$*(S) . , $S$ $\hat{v}^{f}$ (S) $f$
.
, . ,
$S,$ $T\subseteq N,$ $S\cap T=\emptyset\Rightarrow v(S)+v(T)$ $\leq v(S\cup T)$ (8)
. GFCS \Delta ,- .
3(N, $f$ ) GFCS , $(N, v)$ . $f$ $v_{h}^{f}$
$h$ $\overline{v}^{f},$ $v$
^ $f$ .
, $v_{h}^{f}$ . $S,$ $T\subseteq N,$ $S\cap T=\emptyset$ . $\{S_{j}\}_{j\in J}\in$
$P_{F(h)}(S),$ $\{T_{k}\}_{k\in K}\in P_{F(}$h)(T) , $\{S_{j}, T_{k}\}_{j\in J,k\in K}\in P_{F(h)}(S\cup T)$ . ,
.
$v_{h}^{f}(S\cup T)$ $= \max${ $\sum_{l\in L}v$ (Rl): $\{R_{l}\}_{l\in L}\in P_{F(h)}(S\cup T)$ }
$\geq$
$\max\{\sum_{j\in J}v(Sj)+\sum_{k\in K}v(T_{k}) : \{S_{j}\}_{j\in J}\in P_{F(h)}(S), \{T_{k}\}_{k\in K}\in P_{F(h)}(T)\}$
$= \max${ $\sum_{j\in J}v$(Sj): $\{S_{j}\}_{j\in J}\in P_{F(h)}(S)$ } $+ \max${ $\sum_{k\in K}v$ (7o) : $\{T_{k}$ }$k\in K\in P_{F(h)}(T)$}
$=$ $v_{h}^{f}(S)+v_{h}^{f}(T)$ (9)
, $v_{h}^{f}$ . 2 (9) .
$\overline{v}$f $(S)+\overline{v}^{f}(T)$ $=$ $\int_{0}^{1}v_{h}^{f}(S)dh+\int_{0}^{1}v_{h}^{f}$ (T)dh
$=$ $\int_{0}^{1}\{v_{h}^{f}(S)+v_{h}^{f}(T)\}dh$
$\leq$ $\int_{0}^{1}v_{h}^{f}(S\cup T)dh$








, $\hat{v}^{f}$ . $\text{ }$
21
3 GPS $\Delta$
GFCS(N, $f$) , $h$ ( $N,$ $F$ (h))
FCS . , ( $N,$ $F$ (h)) FCS (PS)
. : GFCS $h\in[0,1]$ ,
,
$\emptyset\in F(h),$ $\{i\}\in F(h)\forall i\in N$ (10)
4GFCS(N, $f$ ) $S\cap T\neq\emptyset$ $S,T\subseteq N$ , $f(S \cup T)\geq\min$ { $f($S), $f(T)$ }
$GPS$ .
GPS .
4GFCS(N, $f$ ) $GPS$ $h\in[0,1]$
, ($N,$ $F$ (h)) , (10)
, $h$ l , .
$S,$ $T\in F(h),$ $S\cap T\neq\emptyset\Rightarrow S\cup T\in F(h)$
$(N, f)$ $GPS$ . $h\in[0,1]$ , $S\cap T\neq\emptyset$ $S,T\subseteq N$ $4\backslash$ ,
$S,$ $T\in F$(h) . , $f(S)\geq h,$ $f(T)\geq h$ , $GPS$
$f(S\cup T)\geq h$ . , $S\cup T\in F$ (h) .
. , $F$ (h) . ,
$S\cap T\neq\emptyset$ $S,$ $T\subseteq N$ , $f(S) \geq\min${ $f($S), $f($T)}, $f(T) \geq\min${$f($S), $f(T)$ }
, $S,$ $T\in F$ ($\min\{f$ (S), $f($T)}) , $S\cup T\in F$ ($\min\{f($S), $f($T)}) .
, $f(S \cup T)\geq\min$ { $f($S), $f($T)} .
4 , $h\in[0,1]$ , ( $N,$ $F$ (h))
. , Bilbao [4] , GPS
$\text{ }$ .
2(N, $f$ ) $GPS$ , $(N, v)$ . $h\in[0,1]$




GPS , GIS , GIS
. -. , GFCS $h\in[0,1]$
, .
$\emptyset\in F(h),$ $\{i\}\in F(h)\forall i\in N$ (11)
22
5GFCS(N, $f$ ) $S\cap T\neq\emptyset$ $S,$ $T\subseteq N$ ,
$f(S\cup T),$ $f(S\cap T)\geq$ $\mathrm{n}\{f(S), f(T)\}$
, $GIS$ .
GIS .
5GFCS(N, $f$ ) $GIS$ , $h\in[0,1]$
, ($N,$ $F$ (h)) , ( ) ,
$h$ , .
$S,$ $T\in F(h),$ $S\cap T\neq\emptyset\Rightarrow S\cup T,$ $S\cap T\in F(h)$
4 .
, $\text{ }$ ,
$v(S)+v(T)$ $\leq$ $v(S\cap T)$ $+v(S \cup T)$ (12)
, $h\in[0,1]$ , ($N,$ $F$ (h))
. , Bilbao [4] 5
$v_{h}^{f}(S)+v_{h}^{f}(T)\leq v_{h}^{f}(S\cup T)+v_{h}^{f}(S\cap T)$ (13)
. $h$ $\overline{v}^{f},$ $v$^ $f$ .




$(N,\overline{v}^{f}),$ (N, $\hat{v}^{f}$ )
$\text{ }$ .
, $\overline{v}^{f}$ (13) h} , .
$\overline{v}$f $(S)+\overline{v}^{f}(T)$ $=$ $\int_{0}^{1}\{v_{h}^{f}(S)+v_{h}^{f}(T)\}dh$
$\leq$ $\int_{0}^{1}\{v_{h}^{f}(S\cup T)+v_{h}^{f}(S\cap T)\}dh$




$\leq$ $\frac{1}{\Sigma_{j}h_{j}}\sum_{j}h_{j}\{v_{h_{j}}^{f}(S\cup T)+v_{h_{j}}^{f}(S\cap T)\}$
$=$ $\hat{v}^{f}(S\cup T)+\hat{v}^{f}(S\cap T)S,$ $T\subseteq N$
, $(N,\hat{v}^{f})$ $\text{ }$ .
23
GIS .







$(N, v)$ . , (12)
, . , $(N, f)$ , $GIS$
$f(S\cup T),$ $f(S \cap T)\geq\min$ {$f($S), $f($T)} .
$f( \{1,2\})=0.6\not\geq 0.7=\min\{f(\{1,2,3\}), f(\{1,2,4\})\}$
, $f$ $v_{h}^{f}$ $h$ l $\overline{v}^{f},$ $v$^ $f$ $(N,\overline{v}^{f}))$ (N, $\hat{v}^{f}$ )
. , $\overline{v}^{f}$ ,
.
$\overline{v}$f $(1, 2, 3)+\overline{v}$ f $(1, 3, 4)=15+20=35$
$>$ $34=4+30=\overline{v}$f $(1, 3)+\overline{v}$f(N)
, $\hat{v}^{f}$ , .
$\mathrm{i}^{\mathrm{j}}(1,2,3)+$ if $(1, 3, 4)=12+20=32$
$>$ 31.14 $=1.14+30=\hat{v}^{\mathrm{j}}(1,3)+\hat{v}^{f}(N)$
, $(N, f)$ $GIS$ , $f$
.
, , 5 $GIS$
.
$f(S)=\{$
0.6 if $5=\{1,2\},$ $\{1,3\},$ $\{1,2,3\}$
0.8 if $S=\{2,3\}$
1 otherwise,
$f$ $v_{h}^{f}$ $h$ l $\overline{v}^{f},$ $v$^f ,
.
$\overline{v}^{f}(S)=\{\begin{array}{l}0\mathrm{i}\mathrm{f}|S|\leq 16\mathrm{i}\mathrm{f}S=\{1,2\},\{1,3\}8\mathrm{i}\mathrm{f}S=\{2,3\}10\mathrm{o}\mathrm{t}\mathrm{h}\mathrm{e}\mathrm{r}\mathrm{w}\mathrm{i}\mathrm{s}\mathrm{e}\hat{v}^{f}(S)=\mathrm{l}4\mathrm{i}\mathrm{f}S=\{1,2,3\}20\mathrm{i}\mathrm{f}S=\{1,3,4\},\{1,2,4\},\{2,3,4\}30\mathrm{i}\mathrm{f}S=N\end{array}$
0 if $|$ sl $\leq 1$




20 if $S=\{1,3,4\},$ $\{1,2,4\},$ $\{2,3,4\}$













, GFCS(N, $f$ ) .
$\tilde{v}^{f}(S)$
$= \max\{g(\{T_{k}\}_{k\in K})\sum_{k\in K}v(T_{k}) : \{T_{k}\}_{k\in K}\in P(S)\}$
$\acute{v}^{f}(S)$
$= \max\{\sum_{k\in K}f(T_{k})v(T_{k}) : \{T_{k}\}_{k\in K}\in P(S)\}$
, $P$ (S) $S$ . , $S$ $\{T_{j}\}_{j\in J}$
.
$g(\{T_{j}\}_{j\in J})=!\in J\mathrm{i}\mathrm{n}f(T_{j}$
$\tilde{v}^{f}$ , $\acute{v}^{f}$ , $f$ . ,
, GFCS
.
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